The results of the study of drought tolerance of isogenic (NILs -near isogenic lines) by genes PPD (photoperiod) wheat lines and isogenic by genes ЕЕ (early maturation) soybean lines, that control the photoperiodic sensitivity are presented. In field experiments the photoperiodic sensitivity of the lines when grown under natural long days (16 hours at a latitude of Kharkov) and under artificial short-day (9 hours) is determined. The results showed that line PРD-D1A and PPD-A1a wheat and soybean lines L 71-920 had a weak photoperiodic sensitivity (weak PPDS) and line PPD-B1a wheat and soybean lines L 71-920 -strong photoperiodic sensitivity (strong PPDS). Wheat and soybean lines with weak PPDS were more productive. When simulating drought action on seed germination (20 % strength mannitol solution -rapid method), it was showed that the seeds of soybean and wheat lines with weak PPDS have a higher germination than seeds of the lines with strong PPDS. When simulating soil drought (30 % FMC -field moisture capacity of the soil) under growing experiment, it was revealed that the biomass accumulation indices of plants, leaf relative water content (RWC) and proline content in leaves lines with weak PPDS were higher than in the photoperiodic lines with strong PPDS. So, all used methods for determining drought tolerance showed that the low photoperiodic sensitivity lines are more resistant to drought.
Introduction
In the global climate change conditions, the main factor in reducing the field crops productivity is drought [1] . The study of molecular-genetic mechanisms of stress tolerance, including resistance to drought, deals with a number of works [2, 3] . There have been found certain changes at the level of the genome and QTL (Quantitative Trait Loci) [4, 5] , but the effects of these changes are not clear at the level of phenotypic expression characteristic of drought resistance. Apparently, the detection of these effects is important to establish that drought complex quantitative trait which expression is not controlled by a single gene or QTL (effects of which coordinately appear during the ontogenesis adequately to the change of intensity level of environmental factors), but the systems of genes, determining their different effects at the different stages of plants ontogeny. Probably, such a system could be genes PPD (photoperiod) and VRN (vernalization) in wheat [6] , while the soybean genes of the E-series (early maturity) [7] . These genetic systems, controlling the pace of plant development, are probably involved in the regulation of physiological and biochemical Original Research Article: full paper (2016) , «EUREKA: Life Sciences» Number 5
Agricultural and Biological Scienсes processes changes of an adequate level of environmental factors intensity that could determine the resistance to abiotic stresses, including drought. Plants have a number of resistance mechanisms to lack of moisture in the soil, accompanied by high temperatures and low humidity [8] . Among these mechanisms the ability of plants to drought avoidance is important. It is associated with a change in the pace of development -the duration of the individual phases of ontogeny and duration of the growing season as a whole under the influence of environmental factors. The length of photoperiod and temperature are the most important of these factors. It is known that the duration of ontogeny, the pace and the speed of plant development are evolutionarily established, hereditary fixed traits that are controlled by multiple genetic systems. In the most valuable food crop, soft wheat Triticum aestivum L. there is a system of genes VRN (vernalization), determining the pace and type of development (summer or winter) [9, 10] . In addition, there is a system of PPD (photoperiod) genes, which determines the degree of sensitivity and/or insensitivity to photoperiod [11] .
In soybean Glycine max (L.) Merr. -the most common high-protein oilseed in the world, widely used in the technical, food and feed purposes -the leading role in the regulation of the development speed belongs to the system of genes EE (early maturity), determining the length of the period before flowering and photoperiodic sensitivity [12] . The productivity of these crops depends on the implementation of genetically inherent yield potentialities, as well as the influence of specific climatic conditions, existing at a certain stage of plant ontogeny, which is determined by the genes, controlling the pace of development.
Genetic effects of these systems on a number of agronomic and physiological and biochemical traits -the structure of crop productivity, protein and oil content of grain -have been well studied [12, 13] . However, the literature contains no data of the study of these gene systems effects, controlling the pace and type of development of drought tolerance of these important crops. In the current conditions of climate change, followed by regular droughts and extremely high temperatures, it seems urgent to study the effects of these genetic systems that control the development pace of soft wheat and soybean plants at the level of their drought tolerance.
Aim
The aim of this study is to carry out the screening of drought resistance degree and to determine the elements of individual productivity of the isogenic for genes, controlling of type and pace of wheat development, lines and soybean NILs with different photoperiodic reaction (sensitivity).
Materials and methods

1. The plant material
The objects of study are the model system represented by monogenic dominant nearly isogenic lines (NILs) of the genes PPD system of soft wheat Triticum aestivum L., created in genotype variety Mironovskaya 808 -three genotypes (PPD-D1a, PPD-B1a, PPD-A1a) and monogenic dominant nearly isogenic lines (NILs) on the genes EE system of soybean Glycine max (L.) Merr., created in gene pool of variety Clark -too genotypes (E 1 E 2 E 3 E 4 e 5 E 7 and E 1 E 2 E 3 E 4 E 5 E 7 ).
Isogenic lines (NILs) are a convenient model for physiological and genetic studies since they are different from each other only by the state of one gene locus (dominant/recessive) and have a distinct phenotypic response. These genetic systems control the photoperiodic sensitivity/insensitivity (photoperiodic neutral) of soft wheat Triticum aestivum L. (genes PPD) and soybean Glycine max (L.) Merr. (EE genes).
2. Field experiments
To identify the photoperiodic response of the investigated lines, during 2012-2014 the field experiments have been carried out in the experimental section of the Department of Plant and Microorganism Physiology and Biochemistry, V. N. Karazine Kharkiv National University (50° N, 36°16`E). The plants grew under optimal timing of spring planting 10.04-20.04. Sowing has been carried out manually on the area of 1 m² plots in a three replicate randomized complete block for each variant of the experiment. The tillering phase for wheat and third true leaf stage of soybean one part lines were exposed to short photoperiod (9 hours) for 14 days, and the control grew under Agricultural and Biological Scienсes natural long-day during (16 hours) the entire experiment. A short day has been created by the dimming of plants by light-proof booths from 18.00 to 9.00 hours.
Phenotyping Measurements
Phenotyping is determined length of the period from shoots to the earing (PSE) in wheat and duration of the period from shoots to flowering (PSF) in soybean ( Table 1) . After harvesting of the plants the individual elements of productivity have been determined: plant height, ear length, grain weight from the ear, number of grains per ear and weight of 1000 grains for wheat and plant height, number of lateral branches, number of beans, number of grains and weight of 1000 grains for soybeans ( Table 2) .
4. Laboratory vegetation experiments
To determine the drought tolerance level three methods have been used: -rapid analysis of seed germination under artificial drought; -inhibition of biomass accumulation in soil drought; -accumulation of proline in the leaves under water stress in vegetative experiments in vivo. 1. Rapid analysis: drought tolerance has been assessed by the surveyed lines seed ability to germinate at the higher osmotic pressure in the 20 % mannitol solution. This method simulates the lack of moisture in the soil at the stage of sowing-shoots. Seed germination has been determined by State Standard of Ukraine on the quality of seeds ( Table 3) . Table 4) .
Hydration leaves (RWC -relative water content) was determined by the formula Md Mw RWC % 100, Mw
where Mw -wet weight, Md -dry weight ( Table 5) . 3. Evaluation of the proline content in the leaves. Proline content has been determined in the leaves tier 2-3 from the top that completed the growth [14] (Table 6) .
Using indicators of rapid analysis, growth reactions of biomass and proline content, the drought tolerance has been calculated as the ratio of indicators under drought to the control indices and expressed by a percentage ( Table 7) .
5. Statistical analysis
Totally, three series field, of biological laboratory and greenhouse experiments have been in triplicate. Tables 3-7 , carried out by one-way ANOVA. Differences between the experimental variants were assessed by LSD (the least significant difference) at a significance level P≤0,05 using Excel 2010.
Results
To identify the possible connection of the photoperiodic sensitivity of the studied lines with drought resistance the experiments have been carried out to determine their response to changes in photoperiod.
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The results have shown that all investigated wheat lines have transited to heading significantly later under short photoperiod than under natural long days (Table 1) . Therefore, a quantitative long-day reaction for all lines has been showed. However, the line PPD A1a delayed transition to heading under short day to a lesser degree than lines PPD D1a and PPD В1a, i. e., it was the least photoperiodically sensitive among the studied lines. Determination of photosensitivity of soybean isogenic lines has shown that they have differed considerably in the rate of development, both under the day long and short day (Table 1). Thus, under natural long day line L 65-3366 has bloomed on 50-56 days later than the line L 71-920. Moreover, under short-day the line L 65-3366 has accelerated transition to flowering on 43 days, while the line L 71-920 has bloomed in the same terms as under long day ( Table 1) . Consequently, the line L 65-3366 has reacted to the reduced photoperiod as a typical short-day plant, while the line L 71-920 -as a neutral photoperiodic plant.
Thus, the present results show that the tested lines significantly differ by photoperiodic sensitivity which is determined by the PPD genes in wheat and the EE genes in soybean that is dominant and/or recessive specific loci of these genes. Our results confirm the data obtained by us earlier.
The main criterion of plant resistance to drought is the level of productivity under stress. To determine the possible link between drought and productivity of studied lines with different photoperiodic sensitivity, we have investigated the process of yield structure elements formation of isogenic lines during a long day in the field experiments.
The results of experiments of wheat lines ( Table 2 ) have shown that plant height, ear length, the number of grains per ear and weight of grain per spike in line PPD-B1a are larger than the lines PPD-A1a and PPD-D1a. However, PPD-A1a line has the maximum weight of 1000 grains. This suggests that grain productivity PPD-A1a line with low photoperiod sensitivity is higher due to the larger grain size. Presumably, these differences could be related to the genotype of the studied lines with PPD genes, i. e. with different levels of their photoperiodic sensitivity.
Determination of the plant elements of soybean isogenic lines has shown ( Table 2 ) that the short-day plants of the line L 65-3366 have high height and, conversely, the smaller number of beans, grains and grain weight per plant and weight of 1000 grains than the PPDN (photoperiodic neutral) plants of the line L 71-920. This suggests that the efficiency of the studied soybean lines could be determined by a certain state (dominant and/or recessive) of E-series genes, which define the photoperiodic sensitivity of the lines. Thus, the obtained results suggest that the lines of both cultures with reduced photoperiodic sensitivity (photoperiodic neutral) have the ability to generate higher grain productivity than the lines with high photoperiodic sensitivity.
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In connection with the all stated above, a question arises about a possible link between the isolines revealed features and their drought tolerance. One of the important mechanisms of drought resistance is the ability of seeds to germinate together with a low level of humidity in the soil. To clarify this ability in our experiments, drought has been simulated by germination of the seeds of the studied lines on 20 % mannitol solution. The results have shown ( Table 3 ) that PPD-A1a line has the highest seed germination among the wheat lines, and among soybean lines -Line L 71-920. Thus, rapid analysis of results has shown that both crop seed lines with reduced photoperiod sensitivity have a higher germination stage to drought than photoperiodic lines with increased sensitivity (Table 3) . 
Notes: NILs -near isogenic lines
An integral indicator of plant life process under a variety of environmental conditions, including drought, is the biosynthetic processes, characterized by the accumulation of biomass. Determination of this parameter has shown in the model growing experiment ( However, the level of reduction was different. Thus, in wheat line PPD-A1a with a reduced photoperiodic sensitivity the plant weight has been decreased only to 0.16 g (14 % relative to control -70 % FMC) under 30 % FMC. In PPDN soybean lines L 71-920 decrease has been either 0.16 g (6 % compared to control -70 % FMC). While the SDP line L 65-3366 has weight 0.30 g (18 2 % relative to control -70 % FMC) ( Table 4) . These results indicate that the lines with reduced PPPN are characterized by reducing properties of the biosynthetic processes measure during the drought in lesser extent than photoperiodic sensitivity lines.
Hydration of leaves characterizes the biocolloids ability to retain water during the drought, which is important to ensure the flow of photosynthesis and other physiological and biochemical processes under stress [15] . The definition of this indicator in plants of the isogenic lines has shown that under drought hydration of leaves decreased in all lines (Table 5) . However, this reduction of the line of PPD-A1a amounted to about 10.7 % while the lines PPD-D1a and PPD-B1a are 13.3 and 15.2 % respectively. Consequently, the leaves of the line with lower PPDS (photoperiodic sensitivity) have a higher water-holding capacity than the leaves of the line with a higher PPDS. 
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It is very important that proline synthesis among other mechanisms, ensure the resistance of plants to drought. Proline has osmolyte function under stress as well as an antioxidant and a membrane protector [16] .
Given the above, we have studied the drought effect on the content of proline in the leaves of the investigated lines under its growing experiment modeling. The results of the proline content in leaves of wheat lines after a 2-week drought have showed that in all lines the content of present amino acid has greatly increased ( Table 6 ). However, to the greatest extent, this increase has been in the PPD-A1a line with the lowest PPDS ( Table 6) . Table 6 The effect of drought on the content of free proline in the leaves of isogenic lines of wheat Triticum aestivum L. 
Note: NILs -near isogenic lines; FMC -field moisture capacity of the soil
A similar drought effect on the content of proline has been detected in soybean isogenic lines. Both lines proline content has increased under the influence of drought, but PPS line was almost four times higher than the SDP line (Table 6 ). Thus, wheat and soybean lines with reduced PPDS can synthesize proline more intensively under drought than the lines with increased PPDS. Table 7 summarizes the obtained results of drought resistance of the studied lines. The results are presented as a percentage change in the level of the investigated processes under the influence of drought, relative to the control. These data show that all indicators of the lines with a low PPDS -wheat PPD-A1a and soybean L 71-920 -are higher than in the lines with increased PPDN. These indicators reflect the drought resistance of lines at different levels of their organization: germination, biomass accumulation, water content of leaves, proline content. This suggests that the drought resistance of the investigated lines is associated with their photoperiodic sensitivity. During the explanation of possible drought resistance mechanisms of researched wheat and soybean lines we revealed that germination of seeds under the conditions of lack of moisture depends on the content of protein in them, biomass synthesis, hydration of leaves, proline synthesis connected with the character and intensity of metabolic processes in plants.
Discussion
We showed earlier, that isogenic by genes PPD lines of wheat and isogenic by genes EE lines of soybeans differ by the intensity of carbohydrates and nitric metabolism, ferment activity and balance of phytohormones.
In our opinion, the connection between draught resistance and photoperiodic sensitivity of lines could be the following. Different levels of ability of seed germination of the lines with different photoperiodic sensitivity could be associated with the differences between them by the biochemical composition of the grain. So we have shown the protein levels in the grain of wheat isogenic lines with different levels of photoperiod reaction [17] , and soybean varieties with differ- Agricultural and Biological Scienсes ent photoperiodic reaction [18] . It is known that the initial stages of seed germination are associated with biocolloids swelling, including degumming of wheat endosperm protein at the soybean cotyledons. One of the reasons of higher isogenic lines seed germination with reduced PPDS could be higher level of protein in them. It is also likely that this could be connected with different protein composition, which could depend on its hydrophilic [8] . 
Note: NILs -near isogenic lines
The fact that the drought inhibits the accumulation of biomass in lines with reduced PPDN to a lesser degree could probably be explained by the greater "lability" of their metabolic processes. We have shown that the wheat and soybean lines change the intensity of the carbohydrate and protein metabolism, as well as the status of phytohormones under the influence of short photoperiod [19] . This reduces the accumulation of biomass, but the speed of the transition to the generative state (the heading and flowering of wheat and soybean), depending on the photoperiod of the line with reduced PPDS, remained virtually unchanged. It is logical to assume in this case that reduced PPDS line is capable of changing the level of physiological and biochemical processes in this way. This provides energy and plastic material for the normal passing of different intensity morphological processes of environmental factors, including the response to drought. Lines with increased PPDS either do not have this property or it is expressed to much lesser degree than in line with reduced PPDS.
In our view, the higher level of productivity in wheat and soybean isogenic lines with low PPDN is also related to their ability to maintain a sufficiently high level of metabolic processes in the changing environment, including during drought. It is likely that the lines with low photoperiodic sensitivity have higher water content in leaves, associated with the ability to support the metabolic processes during drought at a high level for the biosynthesis of macromolecules with a fairly high level of hydration. Under drought, a significantly higher increase of leaves proline content in lines with reduced photoperiod sensitivity could also be due to the fact that their intensity of metabolic processes, affecting the level of amino acids synthesis and including the proline, is higher under stress than those of lines with high photoperiodic sensitivity. The results of drought resistance of wheat and soybean isogenic lines are shown in Table 7 . Analysis of these lines has shown that all used methods have given similar results, that is, wheat and soybean lines with low PPDS differ from lines with a high PPDS by higher levels of drought on seed germination with increased osmotic pressure of the external solution, biomass accumulation, hydration of the leaves and their content of proline. Agricultural and Biological Scienсes
Conclusion
The experimental results have shown that wheat and soybeans isogenic lines under study have varied in photoperiodic sensitivity. Among the wheat lines, the line with the dominant gene PPD-A1a has the lowest PPS, among soybean lines -L71-920. Our results confirm the literature data of the determination of wheat photoperiodic sensitivity genes PPD [6, 19] and soybean -EE genes [7, 12] . Thus, photoperiodic sensitivity level depends on the state of these genes -dominant and/or recessive. The level of drought tolerance in the studied lines is connected with their photoperiodic sensitivity and, hence, with the genes PPD (wheat) and EE genes (soybean). The lines with reduced photoperiodic sensitivity have greater drought resistance than the lines with high photoperiodic sensitivity. This suggests that the photoperiodic sensitivity control genes could be involved in the mechanisms of wheat and soybean resistance to drought. The results show that the productivity of wheat and soybean lines with reduced PPDS is higher than in lines with high PPDS. It is likely that genes PPD wheat and soybean EE genes are involved in the regulation of productivity. The foregoing suggests that to create new varieties of wheat and soybean as a raw material the genotypes with lowered photoperiodic sensitivity or photoperiodic neutrality should be used
